Background: Workers with acute hand injuries account for over 1 000 000 emergency department visits annually in the United States. Aims: To determine potential transient risk factors for occupational acute hand injury. Methods: Subjects were recruited from 23 occupational health clinics in five northeastern states in the USA. In a telephone interview, subjects were asked to report the occurrence of seven potential risk factors within a 90-minute time period before an acute hand injury. Each case also provided control information on exposures during the month before the injury. The self-matched feature of the study design controlled for stable between-person confounders. Results: A total of 1166 subjects were interviewed (891 men, 275 women), with a mean age (SD) of 37.2 years (11.4). The median time interval between injury and interview was 1.3 days. Sixty three per cent of subjects had a laceration. The relative risk of a hand injury was increased when working with equipment, tools, or work pieces not performing as expected (11.0, 95% CI 9.4 to 12.8), or when using a different work method to do a task (10.5, 95% CI 8.7 to 12.7). Other transient factors in decreasing order of relative risk were doing an unusual task, being distracted, and being rushed. Wearing gloves reduced the relative risk by 60% (0.4, 95% CI 0.3 to 0.5). Occupational category, job experience, and safety training were found to alter several of these effects.
T he sudden transfer of energy from the work environment to susceptible human tissue characterises acute traumatic occupational injury. 1 2 When work tasks are performed repeatedly, why does an injury occur at one point in time and not at earlier or later times? Does some set of unusual conditions in the work environment and in the individual act to increase or decrease the short term risk of an injury? These questions drive the search for transient (changing) factors that may trigger or protect against the occurrence of acute traumatic work injury. 3 4 Few studies have documented the role of work environment or individual characteristics that may transiently increase or decrease the risk of acute traumatic injury in the workplace.
The hand is the leading body part injured at work and treated in hospital emergency departments, affecting an estimated 1 080 000 workers annually in the United States. 5 When cuts and lacerations of the fingers and hands are combined, the number of days-away-from work cases (approximately 110 000 annually), are second only to back strain and sprain frequency according to US Bureau of Labor Statistics data. 6 A recent literature review of occupational acute traumatic hand injury reported that occupational hand injury rates from four US and eight international industry specific studies varied from 0.33 to 11.0 per 100 workeryears. 7 Rates were highest in steel manufacturing in Singapore (11.0), 8 petrochemical manufacturing in the USA (8.2), 9 and the textile industry in India (6.8) . 10 Despite these impacts on workers and their productivity, we found only one case-control study of risk factors for hand injury in the literature. 11 In that study, 124 cases of occupational hand injury were pair matched to non-injured workers by age and job type. Significantly increased risks of hand injury were associated with the use of defective equipment and doing an unusual task. Glove use decreased the hand injury risk. Expansion of traditional epidemiological designs to include the identification of transient risk factors for occupational injury have been proposed. 12 In this study, we used a case-crossover design to quantify the associations between seven potential transient risk factors and the occurrence of hand injury at work. The case-crossover design uses self-matching to control for potential confounding by differences between individuals that remain stable within an individual over relatively short periods of time such as age, gender, handedness, occupation, job experience, and safety training. The design is best suited for the identification of transient risk factors for sudden onset events. 4 In this study, we focused on transient exposures in the work environment in three domains: work equipment, work practices, and worker related factors. We also examined the impact of occupational category, job experience, and safety training on the associations between the transient exposures in the work environment and the risk of acute traumatic hand injury at work.
MATERIALS AND METHODS

Study population
Subjects were recruited over a three year period (1997 to 2000) from 23 occupational health clinics in five New England states: Massachusetts, Connecticut, Rhode Island, Vermont, and Maine. Further details of the study methods are provided in an earlier publication. 13 To be eligible for the study, subjects must have had one or more of the following types of injury to the fingers, hand, or wrist while at work: laceration, crush, avulsion, puncture, fracture, contusion, amputation, or dislocation. After subjects were asked to give their written informed consent for a telephone interview, a clinician verified the date, time, and type of injuries and completed a case information form. Both forms were faxed to the data coordinating centre, and given to interviewers who conducted the telephone interviews in the evening, outside of the work or clinic environment. Of 1522 subjects eligible for an interview, 1179 (77.5%) completed the interview using a structured questionnaire. Thirteen subjects were excluded from further analysis due to poor quality of responses or not meeting the case definition. Therefore, 1166 subjects were evaluated in the study. The median and mean intervals between injury and interview were 1.3 and 2.0 days respectively; 10% of subjects were interviewed five or more days after the injury date. The study was approved by the Liberty Mutual Research Institute for Safety Institutional Review Committee and the Harvard School of Public Health Human Subjects Committee.
Exposure information at the time of the injury Questions were asked about exposures to specific transient factors during the 90 minute time period before the injury and the answers were recorded on a work-time-before-injury log by the interviewer. The seven transient factors studied were: using a machine, tool, or work material that performed differently than usual; wearing gloves; performing an unusual task; doing a task using an unusual work method; being distracted or rushed; and feeling ill. Unusual performing equipment/materials included a jammed machine, malfunctioning hand tool, a recently sharpened knife, or a work piece that was easier or harder to cut than usual. If the subject responded positively to being exposed to any transient factor, he or she was asked when the exposure occurred during the 90 minutes of work time. Subjects who reported an exposure simultaneous with the time of the injury were considered exposed in the analysis. Subjects were also asked why they were rushing or were distracted at the time of the injury, and what they thought caused the injury.
Exposure information during control time
Each subject was asked to estimate their average frequency and duration of exposure to each of seven transient factors in the past work-month. The average frequency was multiplied by the average duration of exposure to estimate the number of exposed hours per month of work time. For example, if a subject reported rushing three times a week, for 2 hours on average, given 4.3 weeks in a month, the total estimated time exposed to rushing per month for this subject would be 3 6 2 6 4.3 or 25.8 hours per month. For each transient exposure, unexposed work time was determined by subtracting the amount of exposed work time in a month from the total amount of time that each subject reported working including overtime. The test-retest reliability of the questionnaire was evaluated in 29 subjects who were reinterviewed up to four days after the initial interview and asked again about the estimated number of hours of exposure during the past month. 14 The reliability of recalled number of hours of exposure in the past month was high for six of seven transient risk factors (intra-class coefficients ranging from 0.84 to 0.99); reliability was lower for being distracted (ICC = 0.55). Appendix A includes the questions we used to assess rushing in the 90 minutes before the injury and during the control time.
Statistical analysis
The analysis of case-crossover studies follows standard methods for stratified analyses. 15 16 In the case-crossover design, the individual subject is the stratifying variable. We estimated the relative risk and 95% confidence intervals for these highly stratified data using the Mantel-Haenszel estimator for person-time data. 17 Relative risk estimates are based on the ratio of the observed frequency of exposure to each transient factor at the time of the injury to the expected frequency of exposure in the past work-month. Appendix B includes the relative risk calculation for five hypothetical subjects for a single exposure and the 95% confidence interval for the point estimate. The past work-month before the injury is the control-time period selected for this analysis. 13 The average incidence rate ratio (relative risk) refers to the rate of having a sudden onset hand injury when exposed to each potential transient risk factor compared to the rate when unexposed. This estimate is unbiased for follow up studies with sparse person-time data. 18 Because the time interval under study is very short, the incidence rate ratio can be interpreted as the short term risk of a sudden onset hand injury. x 2 tests of homogeneity were used to evaluate changes in relative risk estimates across strata of potential effect modifiers. 17 Potential effect modifiers presented in this study were occupational category, job experience, and safety training. We grouped the occupational categories into four classes based on similarity of work conditions and for adequate study power. Job experience was less than 1 year, 1-3, and more than 3 years. Safety training was either ''yes'' or ''no'' on the job being done when injured. Table 1 shows characteristics of the study subjects. The mean age (SD) was 37 (11.4) years. Most subjects were male (76%), white non-Hispanic (77%), worked in machine or assembly trades in the manufacturing industry (42%), and had more than three years of job experience (46%). Forty two per cent of subjects had safety training on the task they were working on when injured. The most common injury was a laceration (63%), followed by crush injury (13%), avulsion (8%), puncture (6%), fracture (5%), contusion (1%), and dislocation (0.1%). Nearly all injuries were of minor severity, although 1% had a finger amputation. 19 After taking into account the number of hours worked for each subject individually, the percentage of total person-time exposed in the month prior to the injury varied considerably, from 27.9% for wearing gloves to 1.1% of the time doing a task using a different method than usual (fig 1) . Workers were more likely to be using unusual performing equipment/ materials, using a different work method to do a task, doing an unusual task, being distracted, rushed, or feeling ill, and were less likely to be wearing gloves at the time of their injury compared with the average amount of time they were exposed in the past month.
RESULTS
Of the 1166 total study subjects, 731 (63%) reported one or more transient exposures, whereas 435 (37%) reported no transient exposures at the time of the injury. The 731 exposed subjects reported a total of 1113 exposures or an average of Main messages N Transient work equipment, work practices, and worker characteristics were found to significantly increase the relative risk of an acute occupational injury to the hand.
N Glove use was associated with a 60% reduction (95% CI 50-70%) in the relative risk of a hand injury.
N Transient risk factors were associated with hand injury within strata of occupational category, years of job experience, and among those with and without safety training.
Policy implications
N Intervention trials to modify these exposures by various strategies may reduce the incidence of acute hand injury at work.
1.5 exposures per exposed subject. Of these 731 subjects, 443 (61%) reported one, 288 (39%) had two or more, including 208 with exactly two exposures, 70 with three, six who had four exposures, and four subjects who had five exposures. The most common co-occurring exposure was rushing, occurring in 107 of 208 cases (51%). In descending order with other exposures, rushing occurred 29 times with glove use, 27 times with distraction, 20 times with doing an unusual task, 17 times with unusual performing equipment/tools, and 14 times when using an unusual method to do a task. Table 2 presents exposure information and relative risks of hand injury associated with each of seven transient risk factors. Two thirds of subjects reported having worn gloves (771/1166) or being rushed (769/1166) in the month prior to the injury. Subjects reported the highest percentage of time exposed, on average, to these two factors, 27.9% and 15.0% (fig 1) . The relative risks are summarised in the next section according to work domains: work equipment, work practice, and worker related exposures.
Work equipment exposures
Two exposures were related to work equipment: using unusual performing equipment, tools, or work pieces and wearing gloves. Using unusual performing equipment was associated with the highest relative risk of hand injury of all transient risk factors studied. The average number of hours exposed to this factor in the past month was low in the study subjects (4.5 hours), yet this work activity was associated with an 11-fold increase in the relative risk of a hand injury (95% CI 9.4 to 12.8). Wearing gloves was found to reduce the relative risk of hand injury by 60% (95% CI 50% to 70%). Gloves were worn on average 27.9% of the work time in the control period, but only 19.1% of subjects (225) reported wearing gloves at the time of the injury. *Totals for some of the above variables will differ from 1166 because data were gathered only during the last two years of the study, and some information was missing. ÀMMH, manual materials handling. Training on the task performed when injured. Figure 1 Percentage of subjects exposed to each of seven transient risk factors at the time of the injury (black bars) compared to the average percentage of total person-time at work exposed to each risk factor in the month prior to the injury (white bars). For example, 14.3% of subjects were exposed to unusual performing equipment/tools or work pieces at the time of the injury (unusual perform), but subjects reported being exposed to this transient factor 2.3% of work time in the previous month. Of 161 reports of unusual performing equipment at the time of the injury, 35% were attributed to jammed machines (n = 45) or parts (n = 11), 27% to tools that included a very sharp knife (n = 14), a knife that slipped (n = 18), or another tool that did not perform as expected (n = 11), 15% to a work piece that was different from usual, 8% to contacting an unseen sharp edge (other than a knife), 7% to other objects, and 8% could not be categorised.
Work practice exposures
Two exposures were considered in the work practice domain: using a different method to do a task and doing an unusual task. The former entails a change in how the usual task is done and the latter involves working on an unusual task. These exposures were associated with a 10.5-fold and 6.7-fold increase in the relative risk of injury, respectively. Both work practice transient risk factors are infrequent, occurring on average between 1 and 2% of work time (fig 1) .
Unusual job tasks were reported by 127 subjects and included materials handling (27%), cutting tasks (23%), machinery maintenance, operation or un-jamming (17%), putting a hand in an unusual place (7%), a hammering task (4%), other less frequent tasks (9%), or non-classifiable (12%). Using an unusual method to do a task was reported by 107 subjects, and included putting a hand in an unusual position (22%), using a different tool for the task (21%), using high force hand movements (13%), using an unusual work piece (7%), using a different hand (6%), coming too close to a blade (5%), other unusual methods (10%), or unclassifiable (16%).
Worker related exposures
Being distracted (RR = 5.3; 95% CI 4.6 to 6.1), and to a lesser extent, being rushed (RR = 2.4; 95% CI 2.1 to 2.7) or feeling ill (RR = 1.9; 95% CI 1.3 to 2.8), were also significant risk factors for hand injury. The leading reasons for rushing (n = 255) were: working quickly to get the current job done to get to the next one (23%), catching up with backed-up work (22%), being rushed by supervisors or customers (19%), other time pressure/emergencies (17%), preparing to go home or other destination (10%), or being understaffed (8%). Distractions (n = 133) were due to talking or looking at a coworker (53%), thinking about non-work tasks (losing concentration) (30%), or other external (13%) or internal distracters (4%).
In addition to the structured questions on transient exposures, subjects were asked at the end of the interview what they thought led to the injury. The responses for the top 80% of ''causes'' were being careless (17%), distracted (14%), ''freak'' accident (12%), rushing (10%), unusual performing machinery or tools (8%), unknown (5%), hand slipped (5%), unusual method (5%), or related to a co-worker's actions (4%).
Effect of occupational category, job experience, and safety training Relative risks for the six risk factors and one protective factor were also statistically significant within each occupational category, level of job experience, and among those with and without safety training (table 3) . Workers in packaging and manual material handling trades had the lowest relative risk associated with unusual performing equipment. Workers in the service, professional, and managerial trades had the highest relative risks associated with doing an unusual task and distraction, while rushing was associated with the largest relative risk in construction. Compared with more than three years of job experience, having less than three years was associated with larger relative risks when exposed to unusual performing equipment, using an unusual method to do a task, and being distracted. For five out of seven exposures, Table 3 Relative risks of hand injury (95% CI) for transient factors stratified by selected worker and workplace characteristics, northeastern USA, 1997-2000 the strongest effects were in the second year of job experience. The association was stronger for unusual performing equipment among those with safety training. By contrast, safety training was associated with a lower relative risk of doing an unusual task and being distracted. Glove use was more protective in subjects without safety training.
DISCUSSION
These results suggest an important role for five transient risk factors in the aetiology of occupational acute traumatic hand injury, namely: unusual performing equipment/materials, using a different work method to do a task, doing an unusual task, being distracted, and rushing. Glove use was associated with a reduced risk of acute hand injury. The results of this study should be limited to occupational health clinic based patients with a similar spectrum of injuries and employed in similar occupational categories. In this study, use of unusual performing work equipment/ materials such as jammed machinery was associated with the largest relative risk of a hand injury (RR = 11.0, 95% CI 9.4 to 12.8), as it was in an earlier case-control study (odds ratio 30.0, 95% CI 5.0 to '). 11 This relatively rare transient risk factor (2.3% of the previous work-month) has been identified in injuries related to servicing equipment, where un-jamming and cleaning activities comprised 60% of the tasks associated with injuries. 20 Furthermore, personnel involved in full time machinery maintenance have a disproportionate number of finger amputations at work. 21 Modified machinery maintenance schedules, mandatory lockout/tagout procedures, improved training for machine operators in un-jamming procedures, improved training for workers who use knives, and glove use at high risk times are all potential interventions to reduce the risk of hand injury. 22 To understand the impact of these transient risk factors on the absolute risk of workplace injury, one must consider the baseline risk of injury, the frequency of exposure to the transient risk factor and the relative risk associated with it. For example, workers in this study reported working with unusual performing equipment for 2.3% of their work-time. Assuming that the average annual risk of an acute hand injury at work is 5.0% in manufacturing industries and the relative risk associated with working with unusual performing equipment among workers in this industry is 10.6, we can estimate the absolute risk as (0.977 6 5%) + (0.023 6 5% 6 10.6) = 6.1%. Thus, under these assumptions the average annual absolute excess risk associated with working with unusual performing equipment would be 1.1% in populations of workers with a similar distribution of transient exposures.
Glove use was the only personal protective equipment examined in this study. It was consistently found to reduce the relative risk of hand injury by about 60% in the presence of other transient exposures. Wearing gloves was also associated with a decreased risk of a hand injury in a casecontrol study of hand injuries in municipal employees (OR = 0.38, 95% CI 0.14 to 0.89). 11 Gloves could be worn more often than they are reported to be worn. However, in 19% of the injuries that occurred while gloves were worn, they may not protect against the mechanical energy being transferred to the hand. Glove use appears to reduce the risk of lacerations and puncture injuries but not crush, fractures, avulsions, or amputations among the subjects in this study. 23 More research is needed on reasons why gloves are or are not worn by workers doing specific tasks.
Two work practice factors (using a different method to do a task and doing an unusual task) also increased the relative risk of a hand injury. Both of these changes in work practices are relatively unusual exposures. Hand injury risk due to unfamiliarity with a task was also increased in an earlier case-control study (OR = 23, 95% CI 3.7 to ').
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Two worker related behavioural transient factors, being distracted and rushing, were associated with hand injury. Experimental research on distraction and performance suggests that distraction effects increase as a function of task complexity and may diminish as a function of task practice. 24 This is consistent with reduced effects of distraction seen for persons with greater than three years of job experience. Rushing was a common transient risk factor in this study. Twenty five per cent of subjects (290/1166) were rushing at the time of the injury (table 2) . Machine operator speed is positively correlated (0.76) with inadvertent machine initiation errors using an industrial machine simulator. 25 As a result of rushing, machine operators performing repetitive tasks may lose coordinated control of their limb movements.
Occupational category, job experience, and safety training were observed to alter the effects of the transient exposures in this study (table 3) . In the work equipment domain, the relative risk associated with unusual performing equipment was lowest in packaging and manual materials handling, where excessive forces from machinery and tool exposure are less likely than in other occupations. The relative risk was highest for unusual performing equipment in persons with less than three years of job experience; glove use was associated with the lowest relative risk of injury during two of these three years. Subjects with safety training had a higher relative risk associated with unusual performing equipment than subjects without training. This may reflect the inherent risk of jobs targeted for safety training. Without safety training, glove use had a greater protective effect, underscoring the importance of this preventive strategy in the absence of formal safety training.
With respect to work practices, using an unusual method to do a task was associated with a greater increase in the relative risk of hand injury among workers with fewer years of job experience compared to those with three or more years. This may reflect learning to do the job, as well as more experience with different methods of doing a task in persons with greater than three years of job experience. The relative risk of injury while doing an unusual task was lower in manufacturing and construction trades than other occupations due perhaps to the more restricted nature of the work tasks. However, where tasks become more variable, that is when rotating jobs or doing repair work, the risk of a hand laceration may increase and require more, not less, PPE use. 26 This may be especially relevant in service, professional, and managerial occupations where persons may leave their job role to do some unusual hazardous task. The impact of safety training on doing an unusual task was highly discordant. The question as worded was whether the subject had received safety training on the task being done at the time of the injury. Because this was by definition an unusual task for the subject, safety training, if present, could have a significant effect in altering injury risk. This suggests an important role for safety training that emphasises caution across a range of unusual tasks or work conditions. Since human errors cannot be eliminated, error identification and compensatory actions, ranging from glove use at specific times to slowing down and concentrating, may need to be included in the safety training process. 27 The occurrence of some transient exposures examined in this study are not uniform by time into the work shift. 28 For example, 17.7% of the 588 subjects injured in the first four hours of the shift reported unusual performing machine, tools, or materials at the time of their injury compared to 10.7% of the 393 subjects injured from 4-8 hours into their work shift. This suggests possibly more use of machine, tools, or equipment earlier into the work shift than later, or something about the equipment is more hazardous during earlier than later times.
Distraction was the worker related factor most often modified by the fixed factors under study. Opportunities for distraction may be greater in work environments where interpersonal activity is required, such as in service occupations compared to manufacturing or construction occupations. Services and manual materials handling occupations also had a higher relative risk associated with distraction than other occupational categories which may be due to the presence of customers adding to the sources of distraction. Clearly, the relative risk associated with distraction is less with increased job experience (over three years), perhaps due to greater tenure in the manufacturing and construction occupations, or due to reduced distractibility after a job becomes routine. Safety training may include increased awareness of distractions and their avoidance or control, as seen by the lower relative risk of distraction among workers with safety training. The higher relative risk associated with rushing in construction may be due in part to the excess number of hazards and high impact forces when rushing while doing construction tasks. The effects of feeling ill was not different across categories of occupational category, job experience, and safety training due perhaps to infrequent exposure, or to the relatively minor degree of illness not prohibiting the subject from working on the day of the injury.
The major strength of this study is control by the self matched design for stable characteristics that are different between individuals such as age, experience, eye-hand coordination, reflex time, injury history, occupation, and safety training. While the design focuses on transient risk factor identification, it does not permit examination of fixed risk factors such as occupation and job experience, which are important determinants of workplace injury. Fixed risk factors can only be evaluated as effect modifiers. The major limitation of this and other retrospective research studies is recall bias. 29 Subjects may have overestimated exposures close to the time of the injury. They may have also underestimated exposure in control time because of memory lapse, or difficulty in estimating exposure in the control period. This would bias the relative risks away from the null value. Furthermore, we implicitly assume that the nature of the job hazards has not changed significantly during the month prior to the injury. Unfortunately, there is no currently available gold standard for the self-reported, retrospective transient exposures in this study.
If the hazard period associated with a particular exposure is longer than that assessed, we may have underestimated the relative risk or failed to detect it. In this study, we hypothesised that the effect of the majority of the assessed exposures on the risk of hand injury would be immediate, and thus designed our questionnaire to focus on a very short interval preceding the injury. However, for the example of feeling ill, it is certainly plausible that the effect is more prolonged, either due to a direct effect of the illness or through an intermediate pathway resulting from the illness such as lack of sleep or medication use. Thus, it is possible that our study provided a conservative estimate for this exposure.
Another limitation of this study is our inability to deconfound the effects of within-subject confounding by cooccurring transient risk factors. This is because we did not ask about the co-occurrence of transient risk factors in the control period (month prior to injury) and were unable to use the control period one hour before the injury due to the long median exposure duration of four of seven exposures. 13 Even if we restricted the analysis to cases with just one exposure at the time of the injury, the control periods of those subjects could still have co-occurring exposures (for example, being rushed and distracted) leading to some residual uncontrolled within-person confounding. Complex interactions may accumulate over time in relation to the acute onset of an injury that are difficult to distinguish within individuals. In the future, asking about exposures at the same time of the day on the previous workday or workdays, or by asking about rushing and other common transient exposures in the usual frequency period (one month earlier) should be investigated. Other potential transient risk factors, such as emotional upset or hangovers from alcohol intake the night before were not examined in this study and may be important exposures to explore.
In conclusion, these results suggest that five transient exposures increase the risk of a hand injury in the workplace. They are, in decreasing order of relative risk: equipment, tools, or work pieces not performing as expected; using a different work method to do a task; doing an unusual task; being distracted; and being rushed. Feeling ill was weakly associated with hand injury risk in this study. Glove use reduces hand injury risk. These results suggest that attempts to modify unusual exposures and glove use by various strategies including engineering controls, safety training, and administrative controls may reduce the incidence of acute hand injury at work. Table A1 shows the usual frequency analysis for five subjects using the Mantel-Haenszel incidence rate ratio (IRRMH).
The IRR MH is the ratio of: N.B. The interpretation of the relative risk estimate is that the risk of a hand injury is 7.7 times higher when rushing than when not rushing. If subjects are never exposed or always exposed they add 0 to the numerator and denominator.
Variance estimator for the logarithm of the MantelHaenszel incidence rate ratio can be found by using the formula on page 270 of Rothman and Greenland. 17 The 95% confidence interval for the above IRR estimate is 1.17 to 50.35.
Where:
is the total number of cases in stratum i. 
